Introduction
Although a large number of studies on equilibrium phase diagrams of Mn-Cu system(1) have been reported, the authors made reference to The present authors have undertaken measurements of Young's modulus from low to high temperatures for the whole compositional range of the Mn-Cu system subjected to a variety of thermal treatment and coldworking. In this investigation, the composition dependence of Young's modulus and the existence of the Elinvar property(8) in this alloy system have been clarified.
II. Experimental Procedure
The alloying materials used were electrolytic manganese and electrolytic copper with impurities tabulated in Table 1 . The specimens used were of 20 different compositions. At first the electrolytic copper (in the specified proportions in the total weight of 100 g) was put in an alumina crucible and melted in the high-frequency induction furnace under an argon atmosphere. After plunging the electrolytic manganese into the melt, the mixture was thoroughly stirred and the homogeneous molten alloy was cast into an iron of a vibrator-controlled oscillator system(10) devised by Shirakawa and Oguma. Rigidity modulus measurements near room temperature were conducted with the specimen 0.5mm in diameter by the torsion pendulum method(11), while the hardness was measured at room temperature by a micro-Vickers hardness tester (load: 500g). by slow cooling, as confirmed with pure manganese by X-ray analysis(13). Fig. 1 . Cold-working at the reduction rate of 96% or waterbelow the melting points was performed on all the specimens.
The specimens were further reheated at It must also be noted that the effect of reheating on the temperature coefficient after water-quenching is considerably different from the result in Fig. 6 as seen in Fig. 7 .
In other words, the temperature coefficient for the alloy containing 22.60% copper indicates a large
and minimum values in positive and negative signs appear in a very complex manner depending on composition. It is evident, however, that the reheating effect on the temperature coefficient after quenching is greater than that after cold-working, and also that the Elinvar property appears in a certain compositional range. From the measured data on the alloys subjected to a variety of thermal treatment and cold-working, the temperature coefficients of Young's modulus at room are plotted in Figs. 8 and 9. In Fig. 8 the curves (a) and (b) indicate the temperature coefficients in the annealed state and the 96% cold-working state, respectively, while the curves (c), (d) and (e) show the values 1 hr after cold-working, respectively. The curve (a) for the annealed state has a negative maximum value at 30% copper and a positive maximum value at 56% copper; the curve (b) for the cold-working state has a negative maximum value at 16% copper and a positive maximum value at 32% copper. In the reheated state in positive sign at 35% copper and a small maximum value in positive sign at 57% copper; the curve (d) for value in negative sign at 35% copper and a large maximum value in positive sign at 55% copper; the minimum value in negative sign at 55% copper.
In Fig. 9 the curve (b) indicates the temperature coefficients in the quenched state, and the curves (c), (d) show as many maximum and minimum values in positive or negative sign as indicated in Fig. 8 and undergo a complex variation with thermal treatment and composition. In this case the Elinvar property is also revealed in a certain compositional range. The largest positive
In order to clarify the effects of cold-working, quenching temperature and cooling rate on the temperature coefficient of Young's modulus in the annealed state, experiments have been carried out with Mn-Cu alloys containing 30.03, 46.68 and 56.40% copper. The results are given in Fig. 10, Fig. 11 and Table 2. In the case of cold-working, the temperature coefficients undergo a wide variation in the whole compositional range even with a small percentage in the reduction rate, as shown in Fig. 10 . For example, in the Mn-Cu alloys containing 30.03 and 46.68% copper the negative values decrease in large measure with the degree of working. It is also noted that the temperature coefficient for the alloy of 56.40% copper content changes from a positive to a negative sign with the advance of cold-working.
In the case of water-quenching (Fig.  11) , the temperature coefficients undergo a remarkable variation with quenching temperature as in the case of cold-working. quenched and reheated states it appears in a wide compositional range. It must also be noted that the effects of water-quenching and cold-working on the rigidity modulus and its temperature coefficient in the annealed state bear a close resemblance to those on the Young's modulus and its temperature coefficient. The hardness of Mn-Cu alloys containing more than about 20% copper is relatively small irrespective of the heat treatment involved, but that of the alloys with lesser copper contents is very large.
magnetic. Therefore, these alloys are considered extremely useful for tuning forks and hair springs(15).
IV. Conclusions
The Young's modulus, rigidity modulus and thermal expansion at low and high temperatures and the hardness and density at room temperature have been measured on Mn-Cu alloys subjected to a variety of thermal treatment and cold-working.
The results obtained are as follows: composition of 56.40% copper, thus revealing the Elinvar property.
(3) Young's modulus in the annealed state is higher than that in the cold-worked or the water-quenched state, and the difference becomes pronounced in the of the alloys in the annealed, cold-worked or waterquenched states is generally lower than that in the reheated state after cold-working or quenching. An especially high value of hardness is obtained in Mn-Cu of the thermal treatments involved. (4) The temperature coefficient of Young's modulus undergoes a wide variation with the conditions of annealing, cold-working, water-quenching and reheating after cold-working or quenching, and also with composition. The temperature coefficient of Young's modulus vs. composition curves show large maxima and minima in positive and negative signs, revealing the Elinvar property.
(5) The variations in the rigidity modulus and its temperature coefficient at room temperature with thermal treatment, cold-working and composition have a close resemblance to those in Young's modulus and its temperature coefficient.
copper exhibit the Elinvar property and are relatively high in oxidation or corrosion resistance. Therefore, these alloys are satisfactorily suitable for precision instruments.
